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RNA-protein interactions in the 60 S subunits of rat liver ribosomes were studied using I-ethyl-3-di- 
methylaminopropyl carbodiimide (EDC) under conditions which neither changed the sedimentation co- 
efficient of subunits nor the intactness of their rRNA. EDC induced RNA-protein and protein-protein 
crosslinkings. Proteins crosslinked to 28 S RNA were identified by two-dimensional gel electrophoreses as 
L17, L19, L23a and L37a, shown to react with 28 S RNA when using a low dose of UV radiation. Attempts 
have also been made to use EDC for the studies of RNA-protein interactions in 40 S ribosomal subunits. 
Mammal Ribosome Crosslinking Carbodiimide Protein RNA 
1. INTRODUCTION 
Specific protein-rRNA interactions within 
mammalian ribosomes and subunits were studied 
exclusively using ultraviolet irradiation (review, 
(11). However, a single method is not sufficient to 
analyze such a complicated structure as mam- 
malian ribosomes, and other approaches using 
chemical reagents hould be used to obtain addi- 
tional information on these interactions. The re- 
sults we report concern protein-rRNA crosslink- 
ing induced by 1-ethyl-3-dimethylaminopropyl 
carbodiimide (EDC) within 60 S and 40 S rat liver 
ribosomal subunits. Information concerning the 
RNA-protein interactions within Escherichia coli 
30 S ribosomal subunits submitted to EDC treat- 
ment was reported in [2]. 
2. MATERIALS AND METHODS 
Ribonuclease Tl and ribonuclease A were sup- 
plied by Worthington. EDC (I-ethyl-3-dimethyl- 
aminopropyl carbodiimide) was purchased from 
Merck. Ribosomal subunits were prepared from 
free polysomes as in [3]. 
2.1. Treatment of the subunits with EDC 
This was done by an adaptation of the method 
in [3]. 60 S subunits (50 A260 units/ml) were sus- 
pended in 1 mM sodium cacodylate (pH 6.5), 
25 mM KCl, 0.5 mM MgC12 which maximizes the 
proportion of monomer species (Iig.1) whereas 
40 S subunits which easily aggregated were used in 
1 mM sodium cacodylate (pH 6.5), 50 mM KCl, 
1 mM MgC12 (- 30% of subunit monomers as can 
be seen in lig.1). Samples were adjusted to lo- 
20 mM EDC and kept 50 min at 25°C. The reac- 
tion was stopped by adding sodium acetate and 
NI-LtCl to 20 mM and 100 mM final cont., respec- 
tively. These samples were then dialyzed for 2 h at 
4°C against 2 x 500 vol. 10 mM triethanolamine 
(pH 7.5) 100 mM NbCl, 20 mM sodium acetate, 
2 mM MgCl;! to remove excess EDC. In some ex- 
periments, monomer and dimer species resulting 
from the treatment of 60 S subunits with EDC 
were separated in a lo-40% sucrose gradient con- 
taining 10 mM triethanolamine (pH 7.5) 25 mM 
KC1 and 0.5 mM MgC12 (buffer A), which was 
centrifuged in a Beckman SW 41 rotor for 2.5 h at 
41 000 rev./min. 
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2.2. Analysis of the RNA-crosslinkedproteins 
Separation of crosslinked RNA-protein com- 
plexes from uncrosslinked proteins was performed 
by two different methods: 
(1) Uncrosslinked proteins were extracted with 
acetic acid according to [4] and the protein- 
rRNA complexes were recovered in the insolu- 
ble fraction [5]. 
(2) Uncrosslinked proteins were removed from 
EDC-treated subunits with 1% SDS sulphate. 
The crosslinked RNA-protein complexes were 
purified essentially as in [2], except that they 
were isolated in a lo-40% sucrose gradient 
prepared with 10 mM triethanolamine (pH 7.4) 
(Beckman SW 41 rotor, 41 000 rev./min, 16 h). 
Crosslinked rRNA-protein complexes were di- 
gested with ribonucleases A and Tl as in 121. The 
protein-oligonucleotide complexes were dialyzed 
against acetic acid and lyophilized. Samples were 
treated with iodoacetamide prior to analysis by 
two-dimensional gel electrophoresis, using the 
acid-dodecyl sulphate system as in [6]. Uncross- 
linked proteins were analyzed in both acid- 
dodecyl sulphate and basic-acidic systems [6]. 
This last system affords a better resolution for the 
basic proteins, particularly for LlO, L17, L19, L22, 
L23a, L24, L26, L28 and L32. The code used for 
the numbering of the proteins corresponds to the 
uniform nomenclature in [6,7]. 
3. RESULTS AND DISCUSSION 
3.1. Sedimentation and biological activity of EDC- 
treated subunits 
The effect of EDC on the native conformation 
of 60 S subunits was investigated by studying their 
sedimentation characteristics as a function of EDC 
concentration (tig.1). The diagrams indicate a 
gradual decrease in the area of the monomer peak 
with increasing reagent concentrations, without 
any change in the S” value. This decrease paral- 
leled a progressive increase of a fast boundary 
whose S” value (90-93 S) was that of dimers. In 
the meantime, the small 82 S peak, probably the 
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Fig. 1. Sedimentation analysis of EDC-treated subunits. 
40 S and 60 S subunits were treated with increasing con- 
centrations of EDC: (a,a’) control 40 S and 60 S sub- 
units, respectively; (b,b’ and c,c’) the same subunits in- 
cubated with 10 mM and 20 mM EDC, respectively. 
Centrifugation was performed for 1 h at 50 000 rev./min 
(Beckman SW 50 rotor) in a S-20% sucrose gradient 
prepared in buffer A for the 60 S subunits and in 10 mM 
triethanolamine (pH 7.5), 50 mM KCl, 1 mM MgC12 for 
the 40 S subunits. 
contaminating 80 S ribosomes, was almost un- 
modified. EDC-treated 40 S subunits aggregated 
more easily than EDC-treated 60 S subunits (fig. 1). 
The 28 S RNA extracted from EDC-treated 60 S 
subunits sedimented a little faster than that ex- 
tracted from control subunits because of the pro- 
teins crosslinked to it. Treatment with the lowest 
concentration of EDC (10 mM) almost completely 
inactivated both subunits. 
3.2. Identification of the proteins crosslinked to 
rRNAs 
The existence of a covalent protein-RNA cross- 
link in 60 S and 40 S subunits treated with EDC 
- 
Fig.2. Two-dimensional gel analysis of ribosomal proteins extracted from EDC-treated subunits: (a,a’) proteins derived 
from control 40 S and 60 S subunits, respectively; (b,b’) acetic acid extracts of 40 S and 60 S subunits treated with 
10 mM EDC; (c,c’) ribonuclease digests of the residual acetic acid precipitates obtained from these subunits. The digests 
of 28 S RNA-protein complexes prepared with 1% sodium dodecyl sulphate gave patterns identical to (c’). These 
results were obtained from 6 separate expt. using the acid-sodium dodecyl sulphate gel electrophoresis system [6]. 
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was demonstrated by identifying the ribosomal 
proteins which remained associated to the rRNAs 
after extraction of the uncrosslinked proteins with 
either acetic acid or dodecyl sulphate (section 2). 
This study was completed by the identification of 
the proteins which were uncrosslinked with 
rRNAs. Because crosslinking dimerized subunits, 
these two methods were applied both to isolated 
monomers and dimers, with identical results. Fig.2 
shows the results obtained using subunits treated 
with 10 mM EDC. Almost the same results were 
obtained with 20 mM EDC. Uncrosslinked pro- 
teins were identified using two different two-di- 
mensional gel electrophoresis techniques as in sec- 
tion 2. Only the electrophoretograms using acidic 
conditions have been given in (fig.2b,b’), for they 
can be easily compared with those of the proteins 
complexed to rRNAs (fig.2cc’). All the results 
agree with a complete or almost complete disap- 
pearance of proteins L17, L19, L22, L24, L3 1, L32, 
L37a and Sa, S5, S12, S14, S17, S18, and a strong 
decrease in proteins L9, LlO, LlOa, Lll, L12, 
L23a, L25, L26, L28, L36 and S3, S9-9a, SlO, S15, 
S20, S26, S27a. In the meantime, high-M, material 
increased significantly, which suggests that numer- 
ous protein-protein crosslinking had also occurred 
(tig2b,b’). As shown in fig. (2~‘) the main prod- 
ucts of the ribonuclease digests of 28 S RNA-pro- 
tein complexes migrated as proteins L17, L19, 
L23a and L37a. Other faint spots are visible which 
cannot be identified because of the modification of 
their electrophoretic mobility. Surprisingly, the 
electrophoretograms of ribonuclease digests of the 
18 S RNA-protein complex showed the presence 
of proteins (S14 and another unidentified protein) 
only when this complex had been prepared ac- 
cording to the acetic acid procedure (lig.2c). The 
above data show that the number of proteins 
which had disappeared from the acetic acid super- 
natant of EDC-treated subunits was much larger 
than the number of proteins crosslinked to rRNAs. 
This can be partly due to the formation of pro- 
tein-protein crosslinks (see fig.2b,b’) and to the 
fact that proteins from the ribonuclease digests of 
the rRNA-protein complex still bear small pieces 
of rRNA which modify their charge (see before) 
and likely prevent some of them from penetrating 
into the two-dimensional gel electrophoresis plate. 
Since the rRNA-protein crosslinking procedure 
using EDC neither changed the sedimentation 
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velocity of subunit monomers nor the intactness of 
their rRNA, we can assume that it did not signifi- 
cantly alter their conformation. Consequently, the 
crosslinks between 28 S RNA and proteins L17, 
L19, L23a and L37a must reflect spatial relation- 
ships in the native particles. Moreover, we have 
found that these proteins easily react with 28 S 
RNA when a low dose of UV radiation is used [8] 
and evidence is available which suggests that they 
belong to functional domains. Indeed, proteins 
L17 and L23a have been located at the P site [9], 
protein L19 at the 5 S and 5.8 S RNA binding sites 
[lo- 121 and L23a at the 3’-end of 5.8 S RNA [ 131. 
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